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(57) ABSTRACT

An 1nspection method according to one aspect of the present
disclosure, includes: acquiring a plurality of first acquisition
images of a first die having a predetermined pattern; acquir-
ing a plurality of second acquisition images of a second die
having the predetermined pattern; acquiring a plurality of
third acquisition images of a third die having the predeter-
mined pattern; producing a first average image with the first
acquisition 1mages; producing a second average image with
the second acquisition images: producing a third average
image with the third acquisition 1mages; producing a first
comparative image with the first average image and the
second average image; producing a second comparative
image with the second average image and the third average
image; producing a third comparative image with the first
average 1mage and the third average image; producing a
reference 1mage with the first acquisition 1mages, the second
acquisition i1mages, and the third acquisition 1mages; per-
forming first comparison between the {first comparative
image and the reference 1image; performing second compari-
son between the second comparative image and the refer-
ence 1mage; performing third comparison between the third
comparative 1image and the reference 1image; determining,
when a first defect 1s detected 1n the first comparison and the
third comparison, that the first die has the first defect;
determining, when a second defect 1s detected in the first
comparison and the second comparison, that the second die
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has the second defect; and determining, when a third defect
1s detected 1n the second comparison and the third compari-
son, that the third die has the third defect.

4 Claims, 9 Drawing Sheets
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INSPECTION METHOD FOR DETECTING A
DIE DEFECT

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from Japanese Patent Applications No. 2016-

112085, filed on Jun. 3, 2016, the entire contents of which
are 1ncorporated herein by reference.

FIELD OF THE INVENTION

Embodiments described herein relate generally to an
ispection method. The present disclosure relates to, for
example, an spection method of mspecting a pattern by
acquiring a secondary electron 1image of a pattern image

emitted by wrradiating an electron beam.

BACKGROUND OF THE INVENTION

Recently, a demand for precision management of a circuit
line width required for semiconductor elements, has been
increasingly high. A reduced projection lithography device
referred to as a so-called stepper, exposes and transfers a
pattern onto a wafer so as to form a circuit, using an original
pattern including a circuit pattern formed (also referred to a
photolithography mask or a reticle, and, heremnatter, referred
to as a mask), so that the semiconductor elements are
manufactured. Therefore, a pattern drawing apparatus using
an electron beam capable of drawing a fine circuit pattern,
1s used 1n order to manufacture the mask for transferring the
fine circuit pattern onto the waler. The pattern drawing
apparatus may be used so as to directly draw a pattern circuit
onto a walfer.

Improvement of yields 1s necessary for the manufacture of
L.SI, such as a central processing unit (CPU) or a field
programmable gate array (FPGA), mvolving significant
manufacturing costs. One main cause that reduces the fields
1s a pattern defect of a mask used 1n exposing and transier-
ring an ultra-fine pattern onto a semiconductor water with a
photolithography technique. Recently, a scale required to be
detected as a pattern defect has been considerably small
accompanying with miniaturization of an LSI pattern scale
formed on a semiconductor wafer. Therefore, a pattern
ispection apparatus that ispects a defect of a transferring
mask used 1n manufacturing LSI, preferably increases in
precision.

A method of performing inspection by comparing an
optical image including a pattern formed on a sample, such
as a photolithography mask, captured with a predetermined
magnification with a magmfication optical system, and
design data or an optical image including the same pattern
on a sample, captured, has been known as an 1nspection
method. Examples of a pattern mnspection method, include
“die to die inspection” including: comparing pieces of
optical image data including the same pattern captured at a
different position on the same mask, and “die to database
ispection” including: mputting drawing data (pattern data)
including CAD data including pattern design made, con-
verted into an apparatus mput format to be input by a
drawing apparatus in drawing a pattern onto a mask, into an
inspection apparatus, generating design image data (a ret-
erence 1mage) based on the drawing data, and comparing an
optical 1mage including the pattern captured, being mea-
surement data, to the design image data. In the ispection
method with the mspection apparatus, a sample 1s mounted
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2

on a stage and then the stage moves so that a light beam
scans on the sample and the inspection 1s performed. Alight
source and an 1llumination optical system irradiate the
sample with the light beam. Light that has passed through or
reflected from the sample, forms an 1mage on a photodetec-
tor through an optical system. The image captured by the
photodetector 1s transmitted, as measurement data, to a
comparative circuit. The comparative circuit compares the
measurement data and the reference data 1n accordance with
an appropriate algorithm after positioning between the
images, and determines that a pattern defect i1s present when
inconsistency 1s acquired.

The pattern 1nspection apparatus described above, irradi-
ates a substrate with a laser beam and then captures a
transmitted 1mage or a reflected image of the laser beam so
as to acquire an optical image. In contrast to this, an
ispection apparatus that irradiates a substrate with an
clectron beam and detects a secondary electron emitted from
the substrate so as to acquire a pattern 1image, has been also
progressively developed. Patent Document 1 discloses a
technique of capturing a previously set region for a plurality
of dies formed on a sample, acquiring a SEM image, and
producing an average image of the SEM 1mage for a
reference image.

SUMMARY OF THE INVENTION

An mspection method according to one aspect of the
present disclosure, includes: acquiring a plurality of first
acquisition 1mages of a first die having a predetermined
pattern; acquiring a plurality of second acquisition images of
a second die having the predetermined pattern; acquiring a
plurality of third acquisition images of a third die having the
predetermined pattern; producing a first average image with
the first acquisition 1mages; producing a second average
image with the second acquisition images: producing a third
average 1image with the third acquisition 1mages; producing
a first comparative image with the first average image and
the second average image; producing a second comparative
image with the second average image and the third average
image; producing a third comparative image with the first
average 1mage and the third average image; producing a
reference 1mage with the first acquisition 1mages, the second
acquisition i1mages, and the third acquisition 1mages; per-
forming first comparison between the {first comparative
image and the reference 1image; performing second compari-
son between the second comparative image and the refer-
ence 1mage; performing third comparison between the third
comparative 1image and the reference 1image; determining,
when a first defect 1s detected 1n the first comparison and the
third comparison, that the first die has the first defect;
determining, when a second defect 1s detected in the first
comparison and the second comparison, that the second die
has the second defect; and determining, when a third defect
1s detected 1n the second comparison and the third compari-

son, that the third die has the third defect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram of an inspection
apparatus used for an mspection method according to a first
embodiment;

FIG. 2 1s a schematic diagram of the inspection method
according to the first embodiment;

FIG. 3 1s a flow chart of the mspection method according
to the first embodiment;
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FIG. 4 1s a schematic diagram of an inspection method
according to a second embodiment;

FIG. 5 1s a tlow chart of the mspection method according
to the second embodiment;

FIGS. 6A to 6C are graphical representations 1llustrating,
a gradation histogram of an average image according to a
third embodiment;

FIG. 7 1s a schematic diagram of a part of an mspection
method according to a fourth embodiment;

FIG. 8 15 a flow chart of the inspection method according,
to the fourth embodiment; and

FIG. 9 1s a schematic block diagram of a main unit of an
inspection apparatus used for an inspection method accord-
ing to a fifth embodiment.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

First Embodiment

An mspection method according to the present embodi-
ment, includes: acquiring a plurality of first acquisition
images of a first die having a predetermined pattern; acquir-
ing a plurality of second acquisition images of a second die
having the predetermined pattern; acquiring a plurality of
third acquisition 1mages of a third die having the predeter-
mined pattern; producing a first average image with the first
acquisition 1mages; producing a second average image with
the second acquisition 1mages: producing a third average
image with the third acquisition 1mages; producing a {first
comparative 1image with the first average image and the
second average image; producing a second comparative
image with the second average image and the third average
image; producing a third comparative image with the first
average 1mage and the third average image; producing a
reference 1mage with the first acquisition 1mages, the second
acquisition 1mages, and the third acquisition 1mages; per-
forming first comparison between the {first comparative
image and the reference 1image; performing second compari-
son between the second comparative image and the refer-
ence 1mage; performing third comparison between the third
comparative 1image and the reference 1image; determining,
when a first defect 1s detected 1n the first comparison and the
third comparison, that the first die has the first defect;
determining, when a second defect 1s detected 1n the first
comparison and the second comparison, that the second die
has the second defect; and determining, when a third defect
1s detected 1n the second comparison and the third compari-
son, that the third die has the third detfect.

FIG. 1 1s a schematic block diagram of an inspection
apparatus 1100 used for the mspection method according to
the present embodiment. The mnspection apparatus 1100 that
ispects a pattern formed on a substrate 1101 1n FIG. 1, 1s an
exemplary electron beam inspection apparatus that acquires
a secondary electron 1image of a pattern 1mage emitted by
irradiating an electron so as to inspect a pattern. The
inspection apparatus 1100 includes an optical 1mage acqui-
sition apparatus 1150 and a control system circuit 1160. The
optical 1image acquisition apparatus 1150 includes an elec-
tron beam column 1102 (an electron optical column), an
ispection chamber 1103, a detection circuit 1106, a image
memory 1123, and a laser measurement system 1122. An
clectron gun 1201, an illumination lens 1202, a forming
aperture array member 1203, a blanking aperture array 1204,
reducing glass 1205, a limiting aperture member 1206, an
objective lens 1207, a deflector 1208, and a detector 1222

are disposed 1n the electron beam column 1102.
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4

An XY stage 1105 movable at least in an XY direction 1s
disposed 1n the mspection chamber 1103. The substrate 1101
including a plurality of graphic patterns being an object to be
inspected or formed 1s disposed on the XY stage 1105. As
described above, the substrate 1101 includes a mask for
exposure or a semiconductor substrate, such as a silicon
waler. The substrate 1101 1s, for example, disposed on the
XY stage 1105 with a pattern forming face facing upward.
A mirror 1216 that reflects a laser beam for laser measure-
ment 1rradiated from the laser measurement system 1122
disposed outside the inspection chamber 1103 1s disposed on
the XY stage 1105. The detector 1222 detects a secondary
clectron 1230 emitted from the object to be inspected. The
detector 1222 1s coupled to the detection circuit 1106 outside
the electron beam column 1102. The detection circuit 1106
1s coupled to the image memory 1123.

In the control system circuit 1160, a control calculator
1110 being a computer 1s coupled to a position circuit 1107,
a comparative circuit 1108, a pattern generation circuit 1111,
a reference circuit 1112, an average circuit 1113, a stage
control circuit 1114, a comparative image production circuit
1115, a reference 1image production circuit 1116, a determi-
nation circuit 1119, a lens control circuit 1124, a blanking
control circuit 1126, a deflection control circuit 1128, an
individual distortion correction circuit 1140, a magnification
distortion correction circuit 1142, a gradation correction
circuit 1146, a storage device 1109, such as a magnetic disk
drive, a monitor 1117, and a memory 1118 through a bus
1120. The image memory 1123 1s coupled to the individual
distortion correction circuit 1140. The stage control circuit
1114 dnives the XY stage 1105 under control of the control
calculator 1110. The movement can be made by a drive
system similar to a triaxial (X-Y-0) motor that drives 1n an
X direction, a Y direction, and a 0 direction. An example of
the X motor, the Y motor, and the 8 motor not illustrated that
can be used include a step motor. The XY stage 1105 1is
capable of moving in a horizontal direction and a rotation
direction with the motor of each of the X, Y, and 0 axes. The
laser measurement system 1122 measures a movement posi-
tion of the XY stage 1105 so as to supply the movement
position to a position circuit 1107,

The laser measurement system 1122 receives reflected
light from the mirror 1216 and then measures the position of
the XY stage 1105 with the principle of laser interferometry,
sO as to measure the position of a die on the substrate 1101.
The laser measurement system 1122 includes, for example,
a laser interferometer generation source that generates a
laser, and a laser interferometer detection circuit that detects
the retlected light reflecting from the mirror 1216. Note that
the mechanism of the laser measurement system 1122 1s not
imited to this.

The position measurement of the die on the substrate 1101
with the laser measurement system 1122, 1s performed, for
example, as follows: First, the XY stage 1105 moves so that
a reference mark provided on the substrate 1101 1s disposed
on an extension line of the electron beam 1200. Next, the
laser measurement system 1122 measures the position of the
XY stage 1105 at this time so that the measurement point 1s
defined as an origin. Next, the XY stage 1105 moves so that
the die being an object to be evaluated 1s disposed on the
extension line of the electron beam 1200. Next, the laser
measurement system 1122 measures the movement distance
of the XY stage 1105 at this time. Then, the movement
distance 1s defined as the position of the die being the object
to be evaluated. Note that the method of measuring the
position of the die with the laser measurement system 1122
1s not limaited to this.
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A high-voltage power supply circuit not illustrated 1s
coupled to the electron gun 1201, and application of an
acceleration voltage from the high-voltage power supply
circuit between a cathode and an anode not illustrated 1n the
clectron gun 1201 together with application of a predeter-
mined bias voltage and heating of the cathode at a prede-
termined temperature, accelerate an electron group emitted
from the cathode so that the electron group becomes the
clectron beam 1200 to be emitted. The 1llumination lens
1202, the reducing glass 1205, and the objective lens 1207
cach include, for example, an electron lens, and are con-
trolled together by the lens control circuit 1124. As to be
described later, a plurality of individual blanking mecha-
nisms 1s disposed 1n the blanking aperture array 1204, and
a control signal to each idividual blanking mechanism 1is
output from the blanking control circuit 1126. The deflector
1208 1includes a plurality of electrode groups, and 1s con-
trolled by the detflection control circuit 1128.

When the substrate 1101 1s the mask for the exposure, in
forming a plurality of graphical patterns onto the mask for
the exposure with a drawing apparatus not illustrated, such
as an electron beam drawing apparatus, drawing data used 1n
the drawing apparatus 1s input from the outside of the
ispection apparatus 1100 so as to be stored in the storage
device 1109. When the substrate 1101 1s the semiconductor
substrate, exposure 1mage data 1s iput from the outside of
the mspection apparatus 1100 so as to be stored in the
storage device 1109, the exposure image data including an
exposure image on the substrate 1n exposing and transferring
a mask pattern of the mask for the exposure onto the
semiconductor substrate, defined. The exposure image data
1s at least produced by, for example, a spatial 1mage cap-
turing apparatus not illustrated.

Here, FIG. 1 illustrates a configuration necessary for
describing the present embodiment. The inspection appara-
tus 1100 may typically include a necessary different con-
figuration.

FIG. 2 1s a schematic diagram of the mspection method
according to the present embodiment. FIG. 3 1s a flow chart
of the mspection method according to the present embodi-
ment.

According to the present embodiment, mspection 1s per-
formed to the first die 10a, the second die 1054, the third die
10c, a fourth die 104, a fitth die 10e, a sixth die 10/, a
seventh die 10g, an eighth die 104, and a ninth die 10;,
provided on the substrate 1101. Here, all the dies have the
same predetermined pattern.

First, the control calculator 1110 irradiates the substrate
1101 with the electron beam 1200.

Next, the control calculator 1110 detects the secondary
clectron 1230 emitted from the first die 10a using the
detector 1222 and the detection circuit 1106, so as to acquire
the first acquisition 1mage 20a of the first die 10a. The
detection 1s repeated so that the first acquisition 1image 22a
1s further acquired. In this manner, the control calculator
1110 acquires the first acquisition image 20a and the first
acquisition 1mage 22a.

Similarly, the control calculator 1110 1ndividually
acquires the second acquisition image 206 and the second
acquisition 1mage 225 of the second die 105, the third
acquisition 1mage 20¢ and the third acquisition 1image 22¢ of
the third die 10c¢, a fourth acquisition 1mage 204 and a fourth
acquisition 1mage 22d of the fourth die 104, a fifth acqui-
sition 1image 20e and a fifth acquisition 1mage 22¢ of the fifth
die 10e, a sixth acquisition 1image 20/ and a sixth acquisition
image 22f of the sixth die 10/, a seventh acquisition image
20¢g and a seventh acquisition 1image 22¢g of the seventh die
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10g, an eighth acquisition image 20/ and an eighth acqui-
sition 1mage 22/ of the eighth die 104, and a minth acqui-
sition 1mage 20; and a ninth acquisition 1mage 22i of the
ninth die 10: (S108). Note that the number of the acquisition
images with respect to each die 1s not limited to two 1images.
The acquisition images that have been acquired are, for
example, stored in the memory 1118.

Next, the control calculator 1110 produces the first aver-
age 1mage 40a with the first acquisition 1image 20aq and the
first acquisition 1image 22a. Similarly, the control calculator
1110 individually produces the second average image 405
with the second acquisition image 206 and the second
acquisition 1mage 22b, the third average image 40¢ with the
third acquisition 1mage 20c¢ and the third acquisition 1image
22c, a tourth average image 404 with the fourth acquisition
image 204 and the fourth acquisition image 22d, a fifth
average 1mage 40e with the fifth acquisition image 20e and
the fifth acquisition 1image 22e, a sixth average image 40/
with the sixth acquisition image 20/ and the sixth acquisition
image 22/, a seventh average image 40g with the seventh
acquisition 1mage 20g and the seventh acquisition image
229, an eighth average image 40/ with the eighth acquisition
image 20/ and the eighth acquisition image 22/, and a ninth
average 1mage 40i with the ninth acquisition image 20; and
the ninth acquisition image 22; (5110). Here, the control
calculator 1110 produces the average images using the
average circuit 1113. An exemplary method of producing the
average 1mages includes: allocating a memory space for
addition 1mages into the memory 1118; and performing
addition processing of each acquisition 1image 1n the memory
space for the addition images. Note that a publicly known
method of averaging images and a method described in the
present specification both can be preferably used.

Next, the control calculator 1110 produces the first com-
parative image 30q with the first average image 40q and the
second average image 40b. Similarly, the control calculator
1110 individually produces the second comparative image
506 with the second average image 405 and the third average
image 40c¢, the third comparative image 50¢ with the third
average 1mage 40c¢ and the fourth average image 40d, a
fourth comparative image 504 with the fourth average image
404 and the fifth average image 40e, a fifth comparative
image S50e with the fifth average image 40e and the sixth
average 1mage 40/, a sixth comparative image 50/ with the
sixth average image 40f and the seventh average image 40g,
a seventh comparative image 50g with the seventh average
image 40g and the eighth average image 404, an eighth
comparative image 50/ with the eighth average image 40/
and the ninth average image 40:, and a ninth comparative
image 50; with the ninth average image 40i and the first
average 1mage 40a (5112). Here, the control calculator 1110
produces the comparative images using the comparative
image production circuit 1115. An exemplary method of
producing the comparative images includes: allocating a
memory space for comparative images into the memory
1118; performing addition processing of each average image
in the memory space for the comparative images, and
performing filter processing and division processing appro-
priately. Note that a publicly known method of averaging
images and a method described 1n the present specification
both can be preferably used.

Next, the control calculator 1110 produces the reference
image 60 with the first acquisition image 20aq, the first
acquisition image 22a, the second acquisition image 205, the
second acquisition 1mage 22b, the third acquisition 1image
20c¢, the third acquisition 1image 22¢, the fourth acquisition
image 204, the fourth acquisition image 22d, the fifth




US 10,346,970 B2

7

acquisition 1mage 20e, the fifth acquisition image 22e, the
sixth acquisition image 20f, the sixth acquisition image 22f,
the seventh acquisition 1mage 20g, the seventh acquisition
image 22g, the eighth acquisition image 20/, the eighth
acquisition 1mage 22/, the ninth acquisition image 20i or the
ninth acquisition 1mage 22i (5114). Here, the control calcu-
lator 1110 produces the reference 1image 60 using the refer-
ence 1mage production circuit 1116. A publicly known image
processing method and an 1mage processing method
described in the present specification both can be preferably
used for a method of producing the reference 1image 60. The
first to minth acquisition 1images that have been acquired may
be entirely or partially used for the production of the
reference 1mage 60. Furthermore, the control calculator 1110
may generate the pattern data stored in the storage device
1109 using the pattern generation circuit 1111 so as to
produce the reference 1image 60.

Next, the control calculator 1110 using the comparative
circuit 1108, performs the first comparison between the first
comparative 1mage 50a and the reference image 60, the
second comparison between the second comparative i1mage
500 and the reference image 60, the third comparison
between the third comparative image 50¢ and the reference
image 60, fourth comparison between the fourth compara-
tive image 504 and the reference 1image 60, fifth comparison
between the fifth comparative 1mage 50e and the reference
image 60, sixth comparison between the sixth comparative
image 50/ and the reference 1image 60, seventh comparison
between the seventh comparative 1mage 30g and the refer-
ence 1mage 60, eighth comparison between the eighth com-
parative 1mage 50/ and the reference image 60, and ninth
comparison between the ninth comparative image 50; and
the reference 1mage 60 (S116). Here, an exemplary com-
parative method includes comparing a pixel value at each
position in each comparative image and a pixel value at the
corresponding position in the reference image.

Next, an operator or the control calculator 1110 using the
determination circuit 1119 determines whether a defect 1s
present, with the first comparison, the second comparison,
the third comparison, the fourth comparison, the fifth com-
parison, the sixth comparison, the seventh comparison, the
eighth comparison, and the ninth comparison. When the first
defect 1s detected in the first comparison and the ninth
comparison, the operator or the control calculator 1110
determines that the first die 10a has the first defect. Simi-
larly, when the second defect 1s detected 1n the first com-
parison and the second comparison, the second die 105 1s
determined to have the second defect, when the third defect
1s detected 1n the second comparison and the third compari-
son, the third die 10c¢ i1s determined to have the third defect,
when a fourth defect 1s detected 1n the third comparison and
the fourth comparison, the fourth die 104 1s determined to
have the fourth defect, when a fifth defect 1s detected 1n the
fourth comparison and the fifth comparison, the fifth die 10e
1s determined to have the fifth defect, when a sixth defect 1s
detected 1n the fifth comparison and the sixth comparison,
the sixth die 10/ 1s determined to have the sixth defect, when
a seventh defect 1s detected 1n the sixth comparison and the
seventh comparison, the seventh die 10g 1s determined to
have the seventh defect, when an eighth defect 1s detected in
the seventh comparison and the eighth comparison, the
cighth die 10/ 1s determined to have the eighth defect, and
when a ninth defect 1s detected 1n the eighth comparison and
the ninth comparison, the ninth die 107 1s determined to have
the ninth defect.

Here, with the first comparison and the ninth comparison
for example, the first comparison and the ninth comparison
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will be described as “‘one comparison” and “the other
comparison”, respectively. First, the one comparison 1s used
in order to determine whether a first predetermined defect 1s
present (S118). When the first predetermined defect 1s
detected, the other comparison 1s used in order to determine
whether the first predetermined defect 1s present (S120).
When the first predetermined defect 1s detected 1n the other
comparison, the first die 10a 1s determined to have the first
predetermined defect (S122). When the first predetermined
defect 1s not detected in the other comparison, the first
predetermined defect 1s determined to be a false defect
(5124). Meanwhile, when the first predetermined defect 1s
not detected, the other comparison 1s used 1n order to
determine whether a second predetermined defect 1s present
(S126). When the second predetermined defect 1s detected,
this means that no predetermined defect common between
the one comparison and the other comparison has been
detected, so that the second predetermined defect 1s deter-
mined to be a false defect (S128). When the second prede-
termined defect 1s not detected, the first die 10a 1s deter-
mined to have no defect (S130). When a false defect 1s
determined to be present, the comparative images and the
reference 1mage of the corresponding portion may be stored
in the storage device 1109 (S132). Note that when the first
predetermined defect 1s detected in the first comparison and
the first predetermined defect 1s not detected 1n the ninth
comparison or when the first predetermined defect 1is
detected 1n the ninth comparison and the first predetermined
defect 1s not detected i the first comparison, the first
predetermined defect may be determined to be a first false
defect.

When remspection 1s performed to all the dies, the control
calculator 1110 acquires an additional addition image 30a of
the first die 10a, an additional addition 1mage 306 of the
second die 105, an additional addition image 30¢ of the third
die 10¢, an additional addition image 30d of the fourth die
104, an additional addition image 30e of the fifth die 10e, an
additional addition image 30f of the sixth die 107, an
additional addition image 30g of the seventh die 10g, an
additional addition 1mage 30/ of the eighth die 10/, and an
additional addition 1mage 30i of the ninth die 10 (S134).

Next, the control calculator 1110 produces a first addi-
tional average image 42a with the first acquisition image
20a, the first acquisition 1mage 22a, and the additional
addition 1mage 30a of the first die 10a. Similarly, the control
calculator 1110 produces a second additional average image
42b of the second die 105, a third additional average image
42¢ of the third die 10c¢, a fourth additional average image
42d of the fourth die 104, a fifth additional average image
42¢ of the fifth die 10e, a sixth additional average image 42f
of the sixth die 10/, a seventh additional average image 42g
of the seventh die 10g, an eighth additional average image
42/ of the eighth die 10/, and a ninth additional average
image 42; of the ninth die 10; (5136).

Next, the control calculator 1110 produces a first addi-
tional comparative image 52q with the first additional aver-
age 1mage 42q and the second additional average image 425.
Similarly, the control calculator 1110 produces a second
additional comparative image 352b, a third additional com-
parative 1mage 32¢, a fourth additional comparative image
52d, a fifth additional comparative image 52e¢, a sixth
additional comparative i1mage 32f, a seventh additional
comparative 1mage 32g, an eighth additional comparative
image 32/, and a ninth additional comparative image 32i
(S138).

Next, the control calculator 1110 performs first additional
comparison between the first additional comparative image
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52a and the reference 1mage 60, second additional compari-
son between the second additional comparative 1image 525
and the reference image 60, third additional comparison
between the third additional comparative image 52¢ and the
reference 1mage 60, fourth additional comparison between
the fourth additional comparative image 524 and the refer-
ence 1mage 60, fifth additional comparison between the fifth
additional comparative image 52¢ and the reference image
60, sixth additional comparison between the sixth additional
comparative image 52f and the reference image 60, seventh
additional comparison between the seventh additional com-
parative 1mage 52¢ and the reference image 60, eighth
additional comparison between the eighth additional com-
parative 1mage 52/ and the reference 1mage 60, and ninth
additional comparison between the ninth additional com-
parative image 52i and the reference image 60 (S140). Note
that when the dies to be remnspected are limited, the acqui-
sition 1mages to be acquired, the additional average images
to be produced, the additional comparative 1mages to be
produced, and the additional comparison to be performed,
are appropriately limited. When a portion of a die to be
reinspected 1s specified, only an 1mage for the portion of the
die 1s at least acquired.

Note that, when reinspection 1s performed, the processing
may go back to S108 of FIG. 3, again.

Performing mspection with an 1image having a large noise
component being used 1n comparison degrades inspection
precision, and thus the noise component 1s preferably
reduced by acquiring the image a plurality of times and
making an average. However, simply increasing the acqui-
sition count of the 1image increases mspection duration in
quantity of the count, and thus an 1mage having a small noise
component 1s preferably acquired for the mspection duration
as short as possible.

The first comparative image 30a 1s produced with the first
average 1mage 40q and the second average image 405 1n the
ispection method according to the present embodiment.
Here, the first average image 40a 1s produced with the first
acquisition 1mages 20a and 22a, and the second average
image 405 1s produced with the second acquisition 1mages
206 and 22b. That 1s, according to the present embodiment,
a plurality of acquisition images acquired from a plurality of
dies 1s used, and thus the acquisition 1mages of the different
die are used so that an image with noise reduced can be
acquired with mspection duration imnhibited from increasing.

The first comparative image 50q and the ninth compara-
tive 1image 50; have information on the acquisition images of
the first die 10a. Thus, when the first defect 1s detected in
both of the first comparison and the ninth comparison, the
first die 10a 1s determined to have the first defect so that the
defect can be determined with the image with noise reduced.

When the defect 1s detected 1n only the first comparison
or the minth comparison, the defect 1s determined to be a
talse defect so that the degree of the defect can be deter-
mined 1n detail with the mspection duration inhibited from
Increasing.

Note that dies having successive numbers, for example,
the first die 10a and the second die 105 may be disposed at
positions adjacent to each other or are not necessarily
disposed at the position adjacent to each other, on the
substrate 101. Note that the dies having the successive
numbers are adjacently disposed so that the apparatus can be
more easily designed.

According to the present embodiment, two average
images, for example, the first average image 40aq and the
second average image 406 are used 1n order to produce a
comparative 1mage. The mspection can be preferably per-
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formed even with at least three average images. However,
the amount of information on the defect 1s reduced with the
amount of information on a different average 1image as an
averaging 1mage number increases. Therefore, the number
of the average images used 1n order to produce a compara-
tive 1mage, 1s preferably reduced as much as possible.

According to the spection method of the present
embodiment, an inspection method capable of efliciently
removing a noise component can be provided.

Second Embodiment

An 1nspection method according to the present embodi-
ment, includes: acquiring a first common addition 1mage of
a first predetermined number of a first die having a prede-
termined pattern; acquiring a first individual addition 1image
of a second predetermined number of the first die; acquiring
a second common addition image of the first predetermined
number of a second die having the predetermined pattern;
acquiring a second individual addition 1mage of the second
predetermined number of the second die; producing a first
average 1mage with the first common addition image, the
second common addition 1image, and the first individual
addition 1mage; producing a second average image with the
first common addition image, the second common addition
image, and the second 1individual addition 1image; producing
a reference 1mage with the first common addition 1mage and
the second common addition image or with the first common
addition image, the first individual addition i1mage, the
second common addition image, and the second 1ndividual
addition 1mage; performing first comparison between the
first average image and the reference i1mage; performing
second comparlson between the second average image and
the reference 1mage; determining whether a first defect of
the first die 1s present; and determining whether a second
defect of the second die 1s present.

FIG. 4 1s a schematic diagram of the inspection method
according to the present embodiment. FIG. 5 1s a flow chart
of the mspection method according to the present embodi-
ment.

According to the present embodiment, 1mnspection 1s per-
formed to the first die 10a, the second die 1054, a third die
10c, a fourth die 104, a fifth die 10e, a sixth die 10/, a
seventh die 10g, an eighth die 104, and a ninth die 10;,
provided on a substrate 1101. Here, all the dies have the
same predetermined pattern.

First, a control calculator 1110 irradiates the substrate
1101 with an electron beam 1200.

Next, the control calculator 1110 detects a secondary
clectron emitted from the first die 10a with a detector 222
and a detector 106 so as to acquire the first common addition
image 120q of the first predetermined number of the first die
10a, the second common addition image 12056 of the first
predetermined number of the second die 105, a third com-
mon addition image 120c¢ of the first predetermined number
of the third die 10¢, a fourth common addition 1mage 1204
of the first predetermined number of the fourth die 104, a
fifth common addition image 120e of the first predetermined
of the fifth die 10e, a sixth common addition 1image 120/ of
the first predetermmed number of the sixth die 10/, a seventh
common addition image 120g of the first predetermined
number of the seventh die 10g, an eighth common addition
image 120/ of the first predetermined number of the eighth
die 10/, and a ninth common addition 1image 120i of the first
predetermined number of the ninth die 10; (S210). Note that
the first predetermined number 1s an integer of 1 or more. As
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described above, here, the first predetermined number 1s 1,
but the first predetermined number 1s not limited to this.

Next, the control calculator 1110 acquires the first indi-
vidual addition images 122a, 124a, and 1264 of the second
predetermined number of the first die 10a. Similarly, the
control calculator 1110 acquires the second individual addi-
tion 1mages 1225, 1245, and 1265 of the second predeter-
mined number of the second die 1054, third individual
addition 1mages 122¢, 124¢, and 126c¢ of the second prede-
termined number of the third die 10c¢, fourth individual
addition 1image 122d, 1244, and 1264 of the second prede-
termined number of the fourth die 10d, fifth individual
addition 1mages 122¢, 124¢, and 126¢ of the second prede-
termined number of the fifth die 10e, sixth individual
addition 1mages 1227, 124/, and 126/ of the second prede-
termined number of the sixth die 10f, seventh individual
addition 1image 122¢, 124¢, and 126¢ of the second prede-
termined number of the seventh die 10g, eighth individual
addition 1images 122/, 124/, and 126/ of the second prede-
termined number of the eighth die 10/, and ninth individual
addition 1mages 122i, 124, and 126i of the second prede-
termined number of the ninth die 10; (8212). Note that the
second predetermined number 1s an integer of 1 or more.
Note that, as described above, the second predetermined
number 1s 3, but the second predetermined number 1s not
limited to this.

Here, the common addition images and the individual
addition 1mages are preferably the same 1n terms of acqui-
sition conditions, in order to produce the average images or
perform filter processing, simply.

Next, the control calculator 1110 produces the first aver-
age 1mage 140aq with the first common addition image 120a
of the first predetermined number, the second common
addition 1mage 1205 of the first predetermined number, the
third common addition image 120c¢ of the first predeter-
mined number, the fourth common addition image 1204 of
the first predetermined number, the fifth common addition
image 120e of the first predetermined number, the sixth
common addition image 120f of the first predetermined
number, the seventh common addition image 120g of the
first predetermined number, the eighth common addition
image 120/ of the first predetermined number, the ninth
common addition image 120; of the first predetermined
number, and the first individual addition 1images 122a 124a,
and 126a of the second predetermined number. Similarly,
the control calculator 1110 1individually produces the second
average 1mage 14056 with the first to ninth common addition
images ol the first predetermined number and the second
individual addition images of the second predetermined
number, a third average image 140¢ with the first to ninth
common addition images of the first predetermined number
and the third individual addition images of the second
predetermined number, a fourth average image 1404 with
the first to minth common addition images of the first
predetermined number and the fourth individual addition
images ol the second predetermined number, a fifth average
image 140¢ with the first to ninth common addition 1mages
of the first predetermined number and the fifth individual
addition images of the second predetermined number, a sixth
average image 1407 with the first to ninth common addition
images of the first predetermined number and the sixth
individual addition images of the second predetermined
number, a seventh average image 140g with the first to ninth
common addition images of the first predetermined number
and the seventh individual addition 1mages of the second
predetermined number, an eighth average image 140/ with
the first to ninth common addition images of the first
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predetermined number and the eighth individual addition
images of the second predetermined number, and a ninth
average 1mage 140; with the first to ninth common addition
images of the first predetermined number and the ninth
individual addition images of the second predetermined
number (S214). Note that the common addition 1images and
the mndividual addition images may be partially used in order
to produce the average images, instead of all the common
addition 1images and all the individual addition 1mages.

Next, the control calculator 1110 produces the reference
image 160 with the first to ninth common addition images of
the first predetermined number or the first to ninth common
addition 1mages of the first predetermined number and the
first to ninth individual addition images of the second
predetermined number (S216). Note that the common addi-
tion 1mages and individual addition images may be partially
used 1 order to produce the reference 1image 160, instead of
all the common addition images and all the individual
addition 1mages.

Next, the control calculator 1110 performs the first com-
parison between the first average image 140a and the
reference 1mage 160, the second comparison between the
second average 1mage 1405 and the reference image 160,
third comparison between the third average image 140c¢ and
the reference 1mage 160, fourth comparison between the
fourth average image 1404 and the reference image 160,
fifth comparison between the fifth average image 140e and
the reference 1mage 160, sixth comparison between the sixth
average 1mage 140f and the reference 1mage 160, seventh
comparison between the seventh average image 140¢ and
the reference image 160, eighth comparison between the
cighth average image 140/ and the reference image 160, and
ninth comparison between the ninth average image 140; and
the reference 1mage 160 (S218).

Next, an operator or the control calculator 1110 deter-
mines whether a defect 1s present, with the first comparison,
the second comparison, the third comparison, the fourth
comparison, the fifth comparison, the sixth comparison, the
seventh comparison, the eighth comparison, and the ninth
comparison (S220). Note that the comparative 1images and
the reference 1image of the corresponding portion may be
stored 1n a storage device 1109 i order to confirm a false
defect later (S222).

According to the present embodiment, the first to ninth
dies have the same predetermined pattern so that the com-
mon addition 1mage acquired at each die can be used to
reduce noise of the average images.

Using the individual addition images in addition to the
common addition 1images, while the amount of 1nformation
on a defect included 1n a die being an object to be mspected
1s increased, the amount of information on a detect included
in the other die 1s decreased so that an average 1image can be
produced. Therefore, noise of the average image 1s reduced
and the defect being an object to be mspected can be
detected 1n high precision.

As an averaging image number increases, an effect of
reducing noise improves. As the ratio of the second prede-
termined number to the averaging image number increases,
the detection of the defect becomes more advantageous.
Here, the averaging image number 1s the number of 1images
used 1n order to produce the image. The averaging image
number of an average image according to the present
embodiment, 1s acquired by the following expression: the
first predetermined number x (the number of dies used for
inspection)+the second predetermined number The averag-
ing 1mage number of the first average image 140q 1s as
follows: 1x94+43=12 Note that, when the ratio of the second
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predetermined number to the same averaging image number
increases, the inspection duration lengthens because the

number of the images acquired for the inspection 1s as
tollows: (the first predetermined number+the second prede-
termined number)x(the number of the dies used for the
ispection)

Here, a noise component of an image will be further
described. The noise component of the image 1s proportional
to 1/{(the amount of current) (0.5)} or 1/{(the amount of the
current)’>}. That is, the noise component of the image
decreases due to an averaging effect of the amount of the
current, together with an increase of the amount of the
current. The amount of the current i1s the product of the
current value of the electron beam and the duration of the
clectron beam being 1rradiated.

Here, averaging k images and then acquiring one image
mean that the acquisition of the one 1mage consumes k times
duration. Therefore, the noise component of the image
including the k images averaged, is 1/(k"-).

An eflect similar to the above eflect can be acquired by
altering acquisition conditions of the image. That 1s, 1nstead
of acquiring k common addition images or k individual
addition 1mages, when the amount of the current necessary
for the 1mage acquisition 1s made to be k times by making
the scanning speed of the electron beam 1/k, a noise reduc-
tion eflect can be acquired even with one common addition
image or one individual addition image, the noise reduction
ellect being similar to that 1n a case where the k common
addition 1mages or the k individual addition images are
acquired. According to the method, the movement duration
ol a stage for a turn of the stage, can be reduced.

Note that the scanning speed of the electron beam 1s made
to be 1/k and then an 1mage acquisition count increases so
that the noise reduction can be further made.

According to the inspection method of the present
embodiment, an inspection method capable of efliciently
removing a noise component can be provided.

Third Embodiment

An mspection method according to the present embodi-
ment 1s different from those according to the first and second
embodiments 1n that Gaussian filter processing having a
sigma value based on an averaging image number, 1s per-
formed to a reference 1mage, a first comparative image, a
second comparative image, a third comparative image, a first
average 1mage, a second average image, or a third average
image. Here, the descriptions of points that duplicate with
respect to the first and second embodiments, will be omaitted.

Filter processing i1s performed to the reference image,
acquisition images, the comparative images, and the average
images 1n the inspection method according to the present
embodiment, so that a noise component included 1n each
image 1s reduced and the precision of defect determination
can improve. Particularly, the Gaussian filter processing
having the sigma (o) value based on the averaging image
number, 1s preferably performed. A Gaussian filter 1s a
circular filter 1n shape and a blur barely occurs at a diagonal
boundary portion of a pattern so that the Gaussian filter 1s
suitable to the filter processing of an 1mage of a die. Note
that, for example, a circular filter having a parabolic shape
or a publicly known filter 1s also preferably used.

An example of the averaging image number according to
the present embodiment will be described. When the first
average 1mage 40qa 1s produced with a first acquisition image
20a and a first acquisition 1mage 22a, the averaging image
number of the first average image 40q 1s 2. For example,
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when the reference image 60 1s produced with the first
acquisition 1image 20a, a second acquisition image 205, a
third acquisition 1image 20c¢, a fourth acquisition image 204,
a {ifth acquisition 1image 20e, a sixth acquisition 1image 207,
a seventh acquisition image 20g, an eighth acquisition image
20/, and a ninth acquisition image 20i, the averaging image
number of the reference image 60 1s 9.

FIGS. 6 A to 6C each illustrate a gradation histogram of an
average i1mage according to the present embodiment. A
horizontal axis represents a gradation value in each histo-
gram, and brightness become higher as the gradation value
becomes larger. A vertical axis represents an occurrence
count of the gradation value. FIG. 6A illustrates the aver-
aging 1image number dependence of the gradation histogram.
When the averaging image number 1s 2, 3, or 4, a noise
component having vibrations similar to a trigonometric
function, occurs 1n the histogram. The noise component
becomes smaller as the averaging i1mage number increases.
The occurrence count becomes larger as the averaging
image number increases.

FIG. 6B illustrates the gradation histogram after the
(Gaussian filter processing has been performed. Here, the o
value 1s 1.2. It can be seen that the Gaussian filter processing
1s performed so that the noise component dramatically
decreases even in the histogram with a small averaging
image number.

In FIGS. 6 A and 6B, the gradation value at a peak having
a gradation value of approximately 40, becomes smaller as
the averaging image number increases. The gradation value
at a peak having a gradation value of approximately 100
becomes larger as the averaging image number increases.
Theretfore, the gradation value difference between the peak
having a gradation value of approximately 40 and the peak
having a gradation value of approximately 100, becomes
larger as the averaging image number increases. The gra-
dation value difference between the peak having a gradation
value of approximately 40 and the peak having a gradation
value of approximately 100, corresponds to black-and-white
amplitude of the image.

FIG. 6C 1llustrates o value dependence of the gradation
histogram after the Gaussian filter processing has been
performed. Here, the averaging image number 1s 16. As the
o value increases, the gradation value at a peak having a
gradation value of approximately 40 becomes larger and the
gradation value at a peak having a gradation value of
approximately 100 becomes smaller. Theretfore, the o value
1s varied based on the averaging image number and the
black-and-white amplitude 1s adjusted so that the precision
of comparing images can improve.

Particularly, the averaging image number of the reference
Image can increase 1 comparison to the averaging image
number of the comparative images. Therefore, the Gaussian
filter processing having a large o value 1s particularly
performed to the reference image so that noise can be
dramatically reduced and black-and-white amplitude can be
adjusted close to the original acquisition 1mages. Thus, the
reference 1mage having good quality can be produced. Note
that the o value may be further appropriately adjusted based
on the shape of the dies or the quantity of noise.

According to the spection method of the present
embodiment, an inspection method capable of further eth-
ciently removing a noise component can be provided.

Fourth Embodiment

An 1nspection method according to the present embodi-
ment 1s different from that according to the second embodi-
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ment i terms of acquiring a first additional addition 1image
of an additional predetermined number of a first die; pro-
ducing a first additional average 1mage with a first common
addition 1mage, a second common addition 1mage, a first
individual addition 1mage, and the first additional addition
image; performing additional comparison between the first
additional average image and a reference image; and pre-
determining whether a first defect of the first die 1s present,
based on first comparison and the additional comparison.
Here, the descriptions of points that duplicate with respect to
the first to third embodiments will be omuatted.

FIG. 7 1s a schematic diagram of the production of the
additional average image, being a part of the inspection
method according to the present embodiment. FIG. 8 1s a
flow chart of the inspection method according to the present
embodiment.

When remnspection 1s performed to the first die 10a, a

control calculator 1110 acquires the first additional addition
images 130a, 132a, and 134a of the additional predeter-
mined number of the first die 10a (S230). Note that the
additional predetermined number 1s an mteger of 1 or more.
Here, the additional predetermined number 1s 3, but the
additional predetermined number 1s not limited to this. Note
that acquisition conditions of the additional addition 1images
are preferably the same as acquisition conditions of the
common addition mmages and the individual addition
images, 1n order to simply perform production of an average
image and filter processing.

Next, the control calculator 1110 produces the first addi-
tional average image 142aq with the first common addition
image 120aq of a first predetermined number, the second
common addition image 1205 of the first predetermined
number, a third common addition image 120c¢ of the first
predetermined number, a fourth common addition image
1204 of the first predetermined number, a fifth common
addition 1mage 120e of the first predetermined number, a
sixth common addition image 120f of the first predetermined
number, a seventh common addition image 120g of the first
predetermined number, an eighth common addition 1mage
120/ of the first predetermined number, a ninth common
addition 1image 120 of the first predetermined number, the
first individual addition 1images 122a, 124a, and 1264 of a
second predetermined number, and the first additional addi-
tion 1mages 130a, 1324, and 134a of the additional prede-
termined number (5232 in FIG. 7).

Next, the control calculator 1110 performs the additional
comparison between the first additional average image 142a
and the reference 1mage 160 (S234).

Next, the control calculator 1110 redetermined whether
the first defect of the first die 10a 1s present, based on the
first comparison and the additional comparison (S236). An
exemplary specific redetermination method includes com-
paring a response value in the first comparison and a
response value 1n the additional comparison for a position at
which a defect 1s suspected to be present. Here, the response
value 1s most simply the difference between the gradation
value of the additional average image and the gradation
value of the reference image. For example, the response
value K, at coordinates (X, Y) 1s expressed with the
gradation value C, | of the additional average image and the
gradation value R of the reference image as follows:

K., =IC K, [Mathematical Formula 1]

Arithmetic processing 1s performed to a function I and a
tunction 1z with the gradation value C_ of the additional
average image and the gradation value R of the reference
image each including gradation values around the coordi-
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nates (X, Y), respectively, and then the response value K
1s expressed with the difference between results of the
arithmetic processing, as follows:

Cx,_}f' - :Cx+n1}f+n)_&(ﬁx—n,_}f—m .

Kx,_}f:lf‘c(cx—n,_}f—n: - .
.. [Mathematical Formula 2]

R,.....,R

Xy x4+ ,_}?+n) |

Note that the preterable comparison method 1s dependent
on the classification of the defect. Therefore, a plurality of
comparison methods may be used 1n parallel in response to
the classification of the defect.

When the response value 1n the first comparison 1s larger
than a predetermined threshold value for determining the
defect and the response value 1n the additional comparison
1s larger than the predetermined threshold value, the position
at which the defect 1s suspected to be present 1s determined
to have the defect. Meanwhile, when the response value in
the additional comparison 1s smaller than the predetermined
threshold value or the response value in the additional
comparison 1s smaller than the response value in the first
comparison, the position at which the defect is suspected to
be present can be determined not to have the defect.

Only the first comparison does not necessarily clarify
whether the defect 1s present, due to noise. In this case,
acquiring the additional addition images by the method
according to the present embodiment and examining how
the response value attributable to a noise component varies
with and without the additional addition 1mages are eflec-
tive.

Note that similar to the common addition 1mages or the
individual addition images, instead of acquiring k additional
addition 1mages, when the amount of current necessary for
the 1mage acquisition 1s made to be k times by making the
scanning speed of an electron beam 1/k, a noise reduction
ellect can be acquired even with one additional addition
image, the noise reduction eflect being similar to that 1n a
case where the k additional addition 1mages are acquired.

The scanning speed of the electron beam 1s made to be 1/k
and then an 1mage acquisition count increases so that the
noise reduction can be further made.

According to the mspection method of the present
embodiment, an inspection method capable of efliciently
removing a noise component can be provided.

Fifth Embodiment

An 1nspection method according to the present embodi-
ment 1s different from that according to the third embodi-
ment 1n that a first additional addition 1mage of a predeter-
mined number 1s acquired before 1t 1s determined whether a
first defect of a first die 1s present. Here, the descriptions of
points that duplicate with respect to the first to fourth
embodiment will be omaitted.

FIG. 9 1s a schematic block diagram of a main umt of an
inspection apparatus used for the inspection method accord-
ing to the present embodiment.

A control calculator 1110 includes an addition i1mage
memory 1110q. The addition image memory 1110a 1includes
a memory area for a reference 1image 11105, a memory area
for a first average image 1110c¢, and a memory area for a first
additional average image 1110d.

According to the present embodiment, a first common
addition 1mage of a first predetermined number, a {first
individual addition image of a second predetermined num-
ber, and the first additional addition 1image of the additional
predetermined number, are acquired with a substrate 1101
fixed, on an XY stage 1105 in order to ispect the first die
10a. For a second die 106, a second common addition image
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of the first predetermined number, a second individual
addition 1mage of the second predetermined number, and the

first additional addition 1mage of the additional predeter-
mined number, are acquired with the substrate 1101 fixed, on
the XY stage 1105 1n order to mnspect the second die 105.
Similar work 1s made for each die.

For preferable common addition images and individual
addition 1mages for producing a reference image 160, the
control calculator 1110 adds and stores a gradation value at
cach position of each image, into the memory area for the
reference 1mage 111054. The control calculator 1110 adds and
stores a gradation value at each position of each 1mage of
preferable common addition 1images and 1ndividual addition
images for producing a first average image 140q, into the
memory area for the first average image 1110¢. The control
calculator 1110 adds and stores a gradation value at each
position of each image of preferable common addition
images, individual addition images, and additional addition
images for producing a first additional average image 142a,
into the memory area for the first additional average image
11104. Similar processing 1s performed to the other dies.

Publicly known filter processing can be preferably used
for any filter processing 1in FIG. 9. Gaussian filter processing
to be described later 1s preferably used. The filter processing
1s performed with the gradation value added so that the
performance count of the filter processing 1s advantageously
smaller than that with no addition. Division processing
includes dividing the gradation value by a diflerent number
based on the number of the images added.

First, first comparison between the first average image
140a and the reference image 160 1s performed 1n deter-
mimng whether the defect i1s present. When additional
comparison 1s performed, the additional comparison can be
performed with defect information acquired with the first
comparison. Here, the defect information includes coordi-
nates at which the defect 1s determined to be present with the
first comparison, and the type of the defect, such as a white
defect or a black defect.

According to the present embodiment, the first additional
addition 1image 130a 1s acquired before determining whether
the defect 1s present, so that the image acquisition can be
performed with the movement count of the XY stage 1105,
being reduced. Accordingly, the efliciency of the inspection
can further improve.

Sixth Embodiment

An mspection method according to the present embodi-
ment 1s different from that according to the fourth embodi-
ment 1 that the sum of a first predetermined number, a
second predetermined number, and an additional predeter-
mined number 1s determined, based on a standard deviation
of the gradation difference between two images selected
from a first common addition image, a first individual
addition 1mage, and a first additional addition 1mage, and a
predetermined allowable error standard deviation. Here, the
descriptions of points that duplicate with respect to the first
to fifth embodiments will be omatted.

According to the present embodiment, two i1mages are
arbitrarily selected from the common addition 1image, the
individual addition image, and the additional addition image
acquired for a predetermined die. Next, the diflerence
between gradation values (gradation difference) of the two
images (two i1mages), 1s calculated. The difference corre-
sponds to a noise component included in the common
addition 1image, the individual addition 1image, or the addi-
tional addition 1mage. Meanwhile, the degree of require-
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ments for the predetermined allowable error standard devia-
tion 1s dependent on an algorithm used for evaluation.

An 1mage acquisition count necessary for noise reduction,
namely, the sum of the first predetermined number, the
second predetermined number, and the additional predeter-
mined number, can be preferably acquired, for example, by
the following expression: (a standard deviation of the gra-
dation difference between the two 1images/the predetermined
allowable error standard deviation) 2 or (the standard devia-
tion of the gradation difference between the two 1mages/the
predetermined allowable error standard deviation)”

According to the mspection method of the present
embodiment, 1mage acquisition exceeding a preferable
count for noise reduction, can be inhibited so that a noise
component can be efliciently removed.

Seventh Embodiment

An 1nspection method according to the present embodi-
ment 15 different from those according to the fourth embodi-
ment and the sixth embodiment in that the sum of a first
predetermined number, a second predetermined number, and
an additional predetermined number, 1s determined based on
a standard deviation of the gradation difference between one
predetermined 1image selected from a first common addition
image, a first individual addition 1mage, and a first additional
addition 1image, and a filtered predetermined 1mage acquired
by performing filter processing to the predetermined 1mage,
and a predetermined allowable error standard deviation.
Here, the descriptions of points that duplicate with respect to
the first to sixth embodiments will be omatted.

According to the present embodiment, one predetermined
image 1s first arbitrarily selected from the common addition
image, the individual addition image, and the additional
addition 1mage. Next, the filter processing 1s performed to
the predetermined image so that the filtered predetermined
image 1s acquired. Next, the sum of the first predetermined
number, the second predetermined number, and the addi-
tional predetermined number 1s determined based on the
standard deviation of the gradation value between the pre-
determined 1mage and the filtered predetermined image and
the predetermined allowable error standard deviation. The
sum of the first predetermined number, the second prede-
termined number, and the additional predetermined number
can be determined, for example, by the following expres-
sion: (the standard deviation of the gradation difference
between the predetermined 1image and the filtered predeter-
mined image/the predetermined allowable error standard
deviation) 2 or (the standard deviation of the gradation
difference between the predetermined image and the filtered
predetermined 1mage/the predetermined allowable error
standard deviation)”

Acquiring one predetermined 1image instead of acquiring
two 1mages, performing the filter processing to the prede-
termined 1mage, and then removing noise can easily acquire
the sum of the first predetermined number, the second
predetermined number, and the additional predetermined
number, 1n inspection requiring a long time for acquiring one
image.

Median filter processing 1s preferable as the filter pro-
cessing according to the present embodiment. In the median
filter processing, gradation values are arranged in a local
region 1n an nxn format, and a center value in the gradation
values 1s made to be the gradation value of the center of the
local region. The image moves within the local region 1n the
median filter processing so that the median filter processing
1s suitable for high-frequency noise reduction in filter pro-
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cessing suitable for an 1nspection method of a pattern or a
die. Therefore, according to the present embodiment, the
median filter processing 1s used in order to acquire an 1mage
being a reference 1in noise component measurement.

According to the inspection method of the present
embodiment, i1mage acquisition exceeding a preferable
count for noise reduction, can be inhibited so that a noise
component can be efliciently removed.

As described above, a series of the “circuits”, for
example, the detection circuit 1106, the position circuit
1107, the comparative circuit 1108, the pattern generation
circuit 1111, the reference circuit 1112, the average circuit
1113, the stage control circuit 1114, the comparative 1image
production circuit 1115, the reference image production
circuit 1116, the determination circuit 1119, the lens control
circuit 1124, the blanking control circuit 1126, the detlection
control circuit 1128, the individual distortion correction
circuit 1140, the magnification distortion correction circuit
1142, the gradation correction circuit 1146, and the control
system circuit 1160, includes at least one circuit, such as at
least one electric circuit, as least one computer, at least one
processor, at least one circuit board, or as least one semi-
conductor device, so as to be performed. The series of the
“circuits” may include the same circuit or a group including
the same circuits, 1n the at least one circuit. Alternatively, the
series of the “circuits” may include a different circuit or a
group including the different circuits, in the at least one
circuit. Alternatively, a part of the series of the “circuits may
include the same circuit or the group including the same
circuits, 1n the at least one circuit, and the remains may
include the different circuit or the group including the
different circuits, 1n the at least one circuit. A program for
executing the processor, 1s at least stored in a storage
medium, such as a magnetic disk drive, a magnetic tape
drive, an FD, or a read only memory (ROM). For example,
the detection circuit 1106, the position circuit 1107, the
comparative circuit 1108, the pattern generation circuit 1111,
the reference circuit 1112, the average circuit 1113, the stage
control circuit 1114, the comparative image production
circuit 1115, the reference 1mage production circuit 1116, the
determination circuit 1119, the lens control circuit 1124, the
blanking control circuit 1126, the deflection control circuit
1128, the individual distortion correction circuit 1140, the
magnification distortion correction circuit 1142, the grada-
tion correction circuit 1146, and the control system circuit
1160, individually include the at least one circuit. A series of
the “memories™ and the “memory areas”, such as the addi-
tion 1mage memory 1110q, the memory area for the refer-
ence 1mage 11105, the memory area for the first average
image 1110c¢, the memory area for the first additional aver-
age 1mage 11104, the memory 1118, and the image memory
1123, includes, for example, a magnetic disk drive, a mag-
netic tape drive, or a tlash memory.

The mspection method according to each embodiment can
be preferably applied to an inspection method of acquiring
an optical image by 1rradiating a substrate with a laser beam
and capturing a transmitted 1mage or a reflected 1mage of the
laser beam.

The embodiments have been described above with refer-
ence to the specific examples. However, the present disclo-
sure 1s not limited to the specific examples.

Parts such as apparatus configurations and control meth-
ods, not directly necessary for the descriptions of the present
disclosure, have been omitted, but a necessary apparatus
configuration and control method can be appropnately
selected and used.
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According to the embodiments, parts such as configura-
tions, not directly necessary for the descriptions of the
present disclosure, have been omitted, but a necessary
configuration can be appropriately selected and used. An
ispection method including an element of the present
disclosure, appropriately designed and altered by a person
skilled 1n the art, 1s included in the scope of the present
disclosure. The scope of the present disclosure 1s defined
with the scope of the claims and the scope of equivalents of
the claims.

What 1s claimed 1s:

1. An mspection method, comprising:

acquiring a plurality of first acquisition 1mages of a first
die having a predetermined pattern;

acquiring a plurality of second acquisition 1mages of a
second die having the predetermined pattern;

acquiring a plurality of third acquisition 1mages of a third
die having the predetermined pattern;

producing a first average image based on the first acqui-
sition 1mages;

producing a second average image based on the second
acquisition 1mages;

producing a third average image based on the third
acquisition 1mages;

producing a first comparative 1image based on the first
average 1mage and the second average image;

producing a second comparative image based on the
second average image and the third average 1mage;

producing a third comparative image based on the first
average 1mage and the third average image;

producing a reference image based on the first acquisition
images, the second acquisition images, or the third
acquisition 1mages;

performing first comparison between the first comparative
image and the reference image;

performing second comparison between the second com-
parative 1image and the reference 1mage;

performing third comparison between the third compara-
tive image and the reference image,

wherein each of the first comparison, the second com-
parison, and the third comparison are performed by
comparing a pixel value at each position 1n the respec-
tive comparative image and a pixel value at each
corresponding position 1n the reference image;

determining, when a first defect 1s detected in the first
comparison and the third comparison, that the first die
has the first defect:;

determining, when a second defect 1s detected 1n the first
comparison and the second comparison, that the second
die has the second detfect; and

determining, when a third defect 1s detected 1n the second
comparison and the third comparison, that the third die
has the third defect.

2. The mspection method according to claim 1, further

comprising:

performing Gaussian filter processing having a sigma
value based on an averaging image number, to the
reference 1mage, the first comparative 1mage, the sec-
ond comparative 1image, the third comparative image,
the first average 1mage, the second average image, or
the third average image.

3. The mspection method according to claim 1, further

comprising;

determining, when the first defect 1s detected 1n the first
comparison and the first defect 1s not detected 1n the
third comparison or when the first defect 1s detected 1n
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the third comparison and the first defect 1s not detected
in the first comparison, that the first defect 1s a first false
defect:

determining, when the second defect 1s detected in the
first comparison and the second defect 1s not detected 5
in the second comparison or when the second defect 1s
detected 1n the second comparison and the second
defect 1s not detected 1n the first comparison, that the
second defect 1s a second false defect; and

determining, when the third defect 1s detected in the 10
second comparison and the third defect 1s not detected
in the third comparison or when the third defect 1s
detected 1n the third comparison and the third defect 1s
not detected 1n the second comparison, that the third
defect 1s a third false defect. 15

4. The mspection method according to claim 3, further

comprising;

determining, when the first defect 1s not detected 1n the
first comparison and the third comparison, that the first
die has no defect; 20

determining, when the second defect 1s not detected in the
first comparison and the second comparison, that the
second the has no defect; and

determining, when the third defect 1s not detected 1n the
second comparison and the third comparison, that the 25
third die has no defect.
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